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(54) Image-forming apparatus 

(57) An image-forming apparatus comprises in a 
vacuum envelope an efectron source including a plural- 
ity of electron-emitting devices and an image-forming 
member including a fluorescent layer and a high voltage 
anode layer disposed vis-a-vis the electron source The 
envelope may preferably have a low resistance electro- 
conductive member electrically connected to the ground 
by way of a low impedance ground connection line for 


by-passmg larqe electric current which may occur upon 
electric discharge between the anode layer and the 
electron source and can possibly destroy the electron- 
emitting devices if flowing thereinto by way of the driving 
wires of the devices The high voltage anode layer ana 
or the low resistance electroconductive member is 
drawn out from the inside of the envelope to a recess 
formed in the outer surface of the envelope and is elec- 
trically connected to external wiring in the recess 


FIG 1 
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Description 

t3AC<GROuND OF THE INVENTION 

^ i, ? ir-; <■/ f r> ■ ^ vOfMiO^ 

T ns .'-.voniion roidtos loan image-forming appara- 
tus sucn as an mage display apparatus It also relates 
t d a memoc o' manufacturing such an apparatus 

Related Bactvqround Art 

CRTs i cntnode ray tubes) are typical image-forming 
apparatus mat utilize electron beams and have been 
usea wiaeiv On a since 

l-n r ece^t years fiat type display apparatus have 
beer': get' rz pc: Oanty replacing gradually CRTs How- 
ever tney a-e n 'A emission type and accompanied by a 
number of problems including the need of a back light 
and hence more has been a strong demand for emission 
type d'spiay apparatus Whine plasma displays are com- 
mercia iy . ; -avo currently as emission type displays 
they are cased on a principle different from CRTs for 
light emission and are not comparable in terms of the 
contrast c 'he displayed image and the coloring per- 
formance o; me apparatus Meanwhile, efforts have 
been paia Or research and development in the 'ield of 
realizing a flat type image-forming apparatus by arrang- 
ing a plurality c>: electron-emitting devices that is com- 
parable with a CRT in terms of the quality of the dis- 
played image For example Japanese Patent Applica- 
tion Laid-Open No 4- 1 63833 discloses a flat type elec- 
tron beam image-forming apparatus realized by con- 
taining linear thermionic cathodes and complex elec- 
trode structures in a vacuum envelope. 

With an image-forming apparatus comprising an 
electron source the electron beams emitted from the 
election source to strike an image-forming member can 
partly collide with the inner wall of the vacuum envelope 
to make it emit secondary electrons and become 
charged up to raise the electric potential at the local ar- 
eas of the inner wall hrt by electron beams Then the 
vacuum envelope shows a distorted potential distribu- 
tion to produce not only unstable electron beam trajec- 
tories but also internal electric discharges to degrade 
and eventually destroy the apparatus 

Known methods of preventing charge-ups include 
forming an anti-charge film on the inner wall of the vac- 
uum envelope o' the apparatus Japanese Patent Ap- 
plication Laid-open No 4-1 63333 discloses an image- 
formmq apparatus comprising an electroconductive lay- 
ei of a Mian impedance electroconductive matenai ar- 
ranqec: on me lateral siaes of the inner wall of the ojass 
envelope y ;ho apparatus 

'° in -maqe-'ormmg apparatus utilizing electron 
be r T m a vo ; faoe is applied between the electron sour:e 
ana me ''aa^ ic^'^c member of the apparatus ;o a:- 
cerate eect'ons emitted from the electron so:.-ce :' 
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tne vacuum envelope of me image-forming apparatus 
is maae of soda l-me glass or some other glass contain- 
ing sodium (Na) Na ions are forced to move by the elec- 
tric field that is generated cy the applied voltage to give 
s rise to an eleetro-v/mg ;u"ont A vacuum envelope us- 
ing giass is !ypica : v prepared by bonding a number of 
memoers oy means of mt g'ass As Na ions are forced 
to flow into the frit qlass of tne vacuum envelope by an 
electrolyzing current PdO contained in the frit glass is 
JO reduced to deposit Pb ana produce cracks in the frit 
glass so that the va:uum condition in the envelope can 
become damagerJ A technique for preventing such a 
situation is to prov de the vacuum ■-■ - velope with an elec- 
trode at an appropr. ^te I pcation on tne outer wall thereof 
15 to attract the elecforlyzir c current that can otherwise 
flow into the frit glass -or example Japanese Patent 
Application Laid-Open Nc 4-94038 proposes the use of 
a low resistance electrccono-uctive film arranged along 
the periphery of me fa:e plate and connected to the 
20 ground to prevent any e.ectrolyzmg current from flowing 
into the fnt glass r the vacuum envelope U S Patent 
Nc 5 357 165 disrlcses me useof a stripe-shaped elec- 
trode for causing an electric current to flow along the 
lateral wall of the vacuum envelope and producing a gra- 
- 5 dient of electi ic potential 

Fig 15 of the accompanying drawings shows an 
equivalent circuit fc the acove known arrangement In 
Fig 15 spot 71 represents the image-forming member 
to which voltage Va is applied and spot 72 represents 
30 the junction oi the components of the vacuum envelope, 
while resistor 75 has an electric resistance equal to that 
of the anti-charge film formed on the inner wall of the 
vacuum envelope between 71 and 72 Spot 73 repre- 
sents the wire extending from the inside of the vacuum 
envelope to the outside through the junction of the com- 
ponents to drive the electron source and the electric re- 
sistance of the frit glass Petween 72 and 73 is equal to 
that of resistor 76 The wire is connected to the terminal 
79 of the power source lor driving the electron source 
•io that shows a given electric potential The resistance of 
the wire is equal to mat of resistor 80 The electro;yzing 
current flowing from the image-forming member 71 to 
the junction 72 through the inside of the glass of the vac- 
uum envelope experiences electric resistance the imag- 
es nitude of which is equal to that ot the electric resistance 
of resistor 77 Reference numeral 74 denotes an elec- 
trode arranged outside tne vacuum envelope tor captur- 
ing the eiecirolyzmg cu-rent The electrolyzing current 
flowing through tne msice o! the glass encounters elec- 
$0 uk resistance having a magnitude equal to that of the 
ele:tnc resistance of r es.stor 76 The electrooo 74 is 
connected to the grounc cv way of the resist j /ve O the 
conductor connected to : ~ne junction 72 'S :V" ,, e :ted 
to member rv having a even electee potcm.. ^<pe f - 
dicing electric resistance .-.nose maomfu.Je - ■ 
mat O tne resistance o' r evsior 1 

Note that wn.eOc ' i snows .1 c c ">s e*" 
as.:u ! ! for a Knew" ar. r an a^^^'V ]■-■.; , « -ya -i ■ -■ ■- , 
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in an image -forming apparatus, ft may not accurately 
correspond to the arrangement in a rigorous sense of 
me word 

However, a fiat type electron beam image-forming 
apparatus as described in Japanese Patent Application ^ 
Laid -Open No 4-163633 is in fact not very flat and has 
a considerable depth because the glass envelope of the 
apparatus contains specifically designed structures in- 
cluding horizontal and vertical deflecting electrodes in 
it On the other hand, there is a demand for electron w 
beam image-forming apparatus to be used as portable 
mtormation processing terminals that are as flat and 
liqnt weight as a liquid crystal display 

in line with the efforts for realizing very flat image- 
forming apparatus, the applicant of the present patent is 
application has achieved a number of improvements for 
surface conduction electron-emitting devices and m- 
age-formmg apparatus comprising such devices For 
example. Japanese Patent Application Laid-Open No 
7-235255 describes an electron-emitting device havng 20 
a simple configuration Such devices can be arranged 
ever a relatively large area in large numbers to realize 
a very flat electron beam image-forming apparatus with- 
out using complex structures such as electrode struc- 
:ures 25 

In an image-forming apparatus of the type under 
consideration, a voltage is applied between the electron 
source and the image-forming member to accelerate 
electrons If ordinary fluorescers are used for the image- 
forming member, this voltage is desirably raised at least 30 
to a level of several kV in order to provide the emitted 
light with a desired coloring effect Then, the use of a 
specifically designed voltage supply terminal having a 
connection structure that can prevent electric discharg- 
es and deal with high voltages will be required to apply 35 
a voltage of several kV to the image-forming member 

Meanwhile, a flat type electron beam image-form- 
ing apparatus requires a voltage supply terminal having 
a connection structure for applying a voltage to mem- 
bers within the vacuum envelope such as anode that is 40 
structurally different from the connection structure of a 
CRT As for connection terminals of the type under con- 
sideration, Japanese Patent Application Laid-Open No 
5- 1 1 4372 proposes an arrangementof using a metal rod 
running through the glass plate of the back side of the is 
vacuum envelope, sealing the gap between the glass 
plate and the metal rod with frit glass and keeping the 
resilient front end of the metal rod physically in contact 
with the metal back layer of the image-forming section 
within the vacuum envelope Japanese Patent Apphca- so 
tion Laid-Open No 4-160741 proposes an arrangement 
01 using a terminal connecting section connected to the 
ir ajc ol ;he vacuum envelope by means of an eiectro- 
cc.'iductive adhesive agent An arrangement of using a 
connection terminal connected to the inside of the vac- ^ 
uum envelope and drawn out through a lateral side o f 
tho vacuum envelope is described in Japanese Paten: 
Application Laid-Open No 4-9403S Similar arrange- 
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ments are disclosed in Japanese Patent Apphcaticns 
Laid-Open Nos 4-96744 and 6- 1 39965 Japanese Pat- 
ent Application Laid-Open No 4-94043descnbes an ar- 
rangement for a connection terminal that runs through 
a through hole which is bored through the face plate and 
3 connected to the inside of the vacuum envelope 

With any ot the above arrangements, the terminal 
is connected to a high voltage feed-in wire within the 
vacuum envelope Now, the vacuum envelope is ex- 
posed to high temperature during the operation of as- 
sembling it as frit glass applied thereto to hermetically 
seal the components of the vacuum envelope is baked 
Tnen the junction of the high voltage feed-m wire and 
the connection terminal is also exposed to high temper- 
ature so that if an adhesive agent is used to the junction 
tne -mpunties contained in the adhesrve agent can be 
released therefrom to adversely affect the electron emit- 
ting performance of the apparatus If. on the other hard 
'hey are held resiliency in contact with each other, the 
resilience of the resilient member can be degraded and/ 
or a defective connection can occur due to faulty han- 
dling cr fitting operation during the assembling process 
Once the image-forming apparatus is assembled i: is 
practically impossible to correct the connection if it is 
tounc faulty so that the time and labor consumed for the 
assemblage is reduced to nil to lower the manufactur.no 
yield of The line 

Thus the reliability of the connection of the high 
voltage terminal within the vacuum envelope is not high- 
ly reliable and a poor reliability inevitably reduces the 
manufacturing yield of the line. Particularly, if the con- 
necting section where a high voltage is fed is faulty the 
entire image-forming apparatus can remain inactive to 
make the apparatus useless. To avoid such a situation 
a rigorous line control system will have to be implement- 
ed to raise the cost ot controlling the line 

The arrangement of providing the flat type image- 
forming apparatus with a projection at a lateral side for 
electric connection is also accompanied by problems in - 
eluding that the cabinet holding the apparatus is forced 
to become bulky in order to accommodate the projection 
i* the apparatus is a TV set White this problem may be 
alleviated when the projection is located at the front or 
rear side, problems may alsoarise in terms of the design 
of the cabinet, the assembling process and so on io 
raise the manufacturing cost 

Another problem for a flat type image-formma ap- 
paratus to cope with a high voltage is a high risk of elec- 
tric discharges that can occur along the inner wall of the 
vacuum envelope due to the reduced distance between 
the image-forming member and the electron source o' 
the apparatus A very :arge electric current Lows .ns: 
taneousiy when an electric discharge occu-s a-v- ■-•;> 
electron -emitting devices of the electron source c 
subjected to a very high voltage when the 0'Oc;- o 
rent flows if partly into some of the wires o' re e e 
source When [he voltage exceeds an a ; ; ^ ■ 

for the normal operation of the electron -en 1 . ; .; 
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cs, their performance can become degraded and m 
some cases, some of the devices can become de- 
stroyed Then, the image displayed on the image-form- 
ing apparatus can be lost, if partly, to remarkably de- 
grade the quality of the image and make the image- 
forming apparatus no longer operational 

Thus, the problems to be solved for arrangmga con- 
nection terminal on a flat type electron beam image- 
forming apparatus include the following 

( 1 ) It ensures a reliable electric connection 

(2) It does not need a projection at a lateral side of 
the vacuum envelope 

(3i It does not adversely affect the atmosphere m 
the vacuum envelope 

Thus, there is a strong demand tor highly reliable 
fiat type electron beam image-forming apparatus that 
are free from the above identified problems 

SUMMARY OF THE INVENTION 

Therefore it is an object of the present invention to 
provide an image-forming apparatus having a novel ar- 
rangement for drawing out the electrode terminal ex- 
tending from the image-forming means arranged within 
the vacuum envelope of the apparatus to the outside of 
the vacuum envelope 

Another object of the present invention is to provide 
an image-forming apparatus having a novel arrange- 
ment for drawing out the electrode terminal that ensures 
a reliable electric connection 

Still another object of the present invention is to pro- 
vide an image-forming apparatus having a novel ar- 
rangement for drawing out the electrode terminal that 
does not need a remarkable projection at the outer pe- 
riphery of the vacuum envelope 

A further object of the present invention is to provide 
an image-forming apparatus having a novel arrange- 
ment for drawing out the electrode terminal that does 
not adversely affect the atmosphere in the envelope 

According to the invention, the above objects and 
other objects are achieved by providing an image-form- 
ing apparatus comprising an envelope and an image- 
forming means disposed within the envelope, charac- 
terized in that said envelope has a recess on the outer 
wall thereof and a feed-in electrode is arranged in the 
recess and electrically connected to the image-forming 
means 

BRIEF DESCRIPTION OF THE DRAWINGS 

r-q 1 is a partly cut ou: schema: ic perspective vie v. 
of an image-forming apparatus according to the inven- 
tion, showing the opening for the hiqn voltage connectc 
fig 2 is a schematic oian view of an embodimor: 
image-torming apparatus .iccorcmc. to the mven:io" 
showing the arrangement o' :ne rear plate ana tne sue ■ 


port frame 

Figs 3A 3B and 3C are schematic partial cross 
sectional views of the embodiment of Fig 2 taken alom 
lines 3A - 3A 3B - 3B and 3C - 3C m Fig 2 respectively' 
Figs 4A 48 4C 40 and 4E are schematic part.a; 
plan views of an image-forming aoparatus according to 
the invention n different manufacturing steps 

Fig 5 is an exploded schematic perspective v.ew of 
an image-forming apparatus according to the invention 
to illustrating how it is assembled 

Figs 6Aand6Bare graphs showing two alternate 
pulse voltages that can be used for forming the electron- 
emitting region of a surface conduction eiectron-emit- 
ting device for the purpose of the invention 
15 Figs 7A and 7B are schematic cross section;^ 

views of an embodiment of the invention 

Figs SA and EB are schematic cross sectional 
views of another embodiment of the invention 

Fig 9 is a schematic cross sectional view of still an- 
20 otner embodiment of the invention 

Fig 10 is an exploded schematic perspective view 
of still another embodiment of the invention 

Figs 1 1 A and 1 1 B are a pla- view and a cross sec- 
tional view schematically showing a surface conduction 
2S electron-emitting device that csn be used for the pur- 
pose of the invention 

Fig 12 is a graph snowing typical electric charac- 
teristics of the surface conduction etectron-emittma do- 
vice of Figs 11 A and 11B 
30 Figs 13A and 1 3B are two typical image-forming 

members that can be used for the purpose of the inven- 
tion 

Fig 14A is a circuit diagram of an equivaent circuit 
to be used tor illustrating the effect of the present inven- 
ts tion 

Fig 1 4B is a schematic partai cross sectional view 
of an image-forming apparatus according to the inven- 
tion, illustrating the correspondence with the equivalent 
circuit of Fig 14A 
40 F, 9 15 's a circuit diagram of an equivalent circuit 

for a comparable known arrangement 

Figs 16A and 16B are partial cross sectional views 
schematically showing another embodiment of imaae- 
formmg apparatus according to the invention 

45 

DETAILED DESCRIPTION OF T HE PREFERRED 

embodiments- 
mow the present invention wM be desenbea by w -jv 
SO of preferable modes of carrying tout 

In the modes of carrying out me invention tnen? is 
provided an image -f :-rminq apparatus comprise a^ 
envelope ana an ima:"]e-formmc rT "e-i°s dispose-: w 
IPC ernetOpO and including an e -"tron •-. y •,•> : 
imaqe-torminq member that produces im-ines wnen \ f 
radiated with electrons emitted ■ e'^-c: • <■. -. , - - 

L : r S t ! V f he St r UC'u'0 O 1 t^e ■ - - * -y i - ; - ■ / > * 
of an imaqe-fo'mm:: apparatus ' ^ - . 
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lion will be described Fig 1 schematically illustrates the 
unit, which is adapted to a connection terminal Here a 
structure for htgh-voltage feed-in terminal will be illus- 
trated as an example The envelope of the apparatus 
comprises a rear plate 1 and a face plate 1 1 A hollow 5 
member 101 is formed by baking and securing frit (not 
shown) between the through hole 102 of the rear plate 
1 and the face plate 1 1 carrying thereon an image-form- 
ing member 1 2 The image-forming member 1 2 is partly 
drawn out from the inside of the vacuum envelope to the w 
atmosphere by way of a drawnout wire 100 Thus, the 
high voltage terminal 16 of the apparatus is electrically 
connected in the atmosphere to the drawn-out wire 100 
of the image-forming member 12 arranged on the face 
plate 1 1 15 

Thetermina! 1 6 and the drawn-out wire may be con- 
nected in various different ways For example, they may 
be held in physical contact by means of the resiliency of 
a spring Alternatively, they may be bonded together by 
means of solder Still alternatively, they may be connect- 20 
ed by using both physical means and laser welding With 
any of these arrangement, the high voltage terminal 16 
can be connected to and disconnected from the drawn- 
out wire 1 00 after completing the preparation of the vac- 
uum envelope so that they do not have to be connected ?s 
during the operation of assembling the vacuum enve- 
lope and the risk of faulty connection can be avoided to 
improve the yield of manufacturing image-forming ap- 
paratus 

Preferably, the through hole 102 is filled with an in- 30 
sulating resin material such as silicone resin and a rub- 
ber cap 32 typically made of silicone is arranged thereon 
to cope with external electric discharges more satisfac- 
torily Additionally, the terminal is connected to an exter- 
nal flyback transformer by way of a cable 31 that can 35 
withstand high voltage With this arrangement, no 
creeping discharges will occur when an electric conduc- 
tor is located close to the connection terminal The air- 
tightness of vacuum envelope will be improved at and 
around the hollow member if the hollow member 101 is -to 
bonded by means of frit glass to produce a two-layered 
structure of crystalline frit glass and noncrystalline frit 
glass 

The vacuum envelope may be made to cope witn 
electric discharges more satisfactorily m a manner as ^5 
will be described below 

The vacuum envelope is provided on the inner wall 
surface thereof with an anti-charge film and a low resist- 
ance electric conductor arranged around the electron 
source to cross the current flow path along the inner wall 
surface of the vacuum envelope between the electron 
source and the image-forming member A low resist- 
ance electric conductor is connected to the ground by 
way of a low impedance electric current flow patn [re- 
ferred to as "ground connection Ime" hereinafter I While 
■f is preferable that the ground connection :me has a- 
impedance as small as possible :*e most imperial -e- 
auirement to be met Oy the qrounc connection M-e s 


that it an electric discharge occurs the docha-- ■- : 
rent aeneratea by the ele:!nc discharge mcs!! V 'ov-T 
the ground through the low resistance electr.c c : — 
ano the ground connection line to sufficiently reau.^V 
electric current flowing ,n'o the electron sourceT 

To what extent the discharge current flows trvc-jq 
the low resistance electric conductor and the q-ou- 
connection line depends on the ratio of the impeoa-c 
of the electric current flow path to that of the oth e - e ec 
trie current flow paths (represented by Z and 7: rescec 
tively hereinafter) and since the impedance vanes ^ 
function of frequency it is necessary to look irVo tnc « ro 
quency components of the electric discharge As a re 
suit of experiments conducted to observe the e cot- 
discharge occurring along the inner wall of the vac , ~ 
envelope of a flat 'ype electron beam image-for rr\r. q nz 
oaratus it was fcund that while the electric discn-o 
typica.iy lasts for several microseconds a larqo a 're- 
charge current can flow only for less than a tenth o! in*, 
duration of the electric discharge or about 0 i microsec 
onds Therefore Z should be sufficiently smaller irar Z 
for a frequency less than tOMHz The frequency c cr- 
ponents greater than 1 0MHz dimmish gradually be: co: 
to quick rising nature of electric discharge suer fre- 
quency components typically .ndude those ccs: :: 
1GH/ Therefore Z should be sufficiently smaller :-.a- 
T for a frequency less than 1 GH<: in order to '-e .ao.'y 
avoid damages due to an electric discharge 

As will be described hereinafter this requireme- \ 5 
satisfactorily met when the resistance of the grounc ccn - 
nection line is less than 1/10 preferably less than 1.1OC 
of the resistance of any other electric current flow paths 
Fig 14A is a circuit diagram of a simplified equiva- 
lent circuit illustrating the electr.c currents that acooa- 
when an electric discharge occurs :n an image-fc -nrnq 
apparatus according to the invention Fig 14B is a sche- 
matic partial cross sectional view of an image -fcrm. na 
apparatus corresponding to the equivalent circuit of Fig 
14A, also showing the electric currents that appeal 
when an electric discharge occurs in the apparatus In 
Fig 14B, there are shown a rear plate 1. an electro- 
source 2, electron source drive wires 3. a suppon f'^me 
4 a low resistance electric conductor 5 a face piate 1 1 
an image-forming member 1 2 and an insulating rre~he r 
1 3 T he insulating member 13 may bean insulation Uvc 
lormed by printing or an msulatcr panel of glass c ce 
ramie The insulating member 13 may be entire'v p'c- 
ducec by appfymq glass paste by means of a c-;,— 
technique and then baking the paste Alterna!-. 0'v 
glass or ceramic plate may oe used as part of 'he 
latmg member 13 in o r oer to provide the lat!o r .■.*'- : 
sufficient degree of insulation and prevention of : o->.- 
breakdown in this embodiment an anti -nK-rce * - 
1 4 o a-ranqed on :ne 'nner wall c' the v ^oo^^ o-v, . 
Note v in H" ; q 14 A po^i 6 1 or - o-; pooo". - - - 
1 qe -'emmg member ' 2 ano DC-r' ( : r o<-. r • ■ . 

"••"'•v 'os stance o'ocr: - conciuC c ; - wh^'o ■ ■ - •• 
'^:oesents a" e ect'on -emqpn q o^v.-e 
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source and points 63 and 64 represent the <.>•.;:.>.:: , ... 
opposite electrodes of the electron -emitting device 
While the electron source normally comprises a plural o 
of electron-emitting devices, only a single aovioe s 
shown in Fig 1 4A for the purpose of S'm;y< Pete- 
once numeral 66 denotes the capacitance between tre 
image-forming member 12 and the electron sou-ce 2 

Reference symbol Z T denotes the impedance oe- 
tween the image-forming member 12 and the low resist- 
ance electric conductor 5, which is relatively large due 
to the anti-charge film 14 under normal conditions 
(where there is no electric charge) but falls elective. v 
and remarkably to cause electric current I to flow on:e 
an electric discharge occurs Reference symbol Z. ce- 
notes the impedance for electric current i, flo.virq trcm 
the low resistance electric conductor 5 itself clown to too 
ground Reference symbol Z 3 denotes the impedance 
for electric current i 2 flowing through the insulation iaye r 
the glass of the vacuum envelope, the frit glass used fc 
bonding and the supports of the image-forming appara- 
tus down to the ground, although this electric err em C a- 
be made very small and negligible when a sufficiently 
large resistance is selected for the insulation :aye- Ref- 
erence symbol Z 4 denotes the impedance tor e ectnc 
current i 3 flowing through the anti-charge film 1 4 mio tr e 
electron source and then further down to the grcur-c 
through the electron source drive wires 3 Reference 
symbol 2 5 denotes the impedance for electric current i. 
flowing through the anti-charge film 14 into the electrcn 
source and then into the electron-emitting device 2 Ref- 
erence Z € denotes the impedance for the electee current 
(denoted also by i 4 ) flowing through the elecuon-emi:- 
tmg device 2 and then down to the ground by way of the 
line at the opposite end of the device 2 Note that the 
equivalent circuit of Fig 1 4A is a simplified expression 
of the embodiment showing only the elements that are 
most significant for the purpose of the invention al- 
though, rigorously speaking, the embodiment involves 
complex factors such as the tact that the electron source 
drive wires 3 are connected to an electron source drive 
circuit and a capacitive coupling may exist between any 
two components 

For the purpose of the invention, once a discharge 
current appears and flows into the low resistance elec- 
tric conductor, most of it should be made to dow to the 
ground by way of the ground connection line (as electn ; 
current i, ) to sufficiently reduce the remaining currents 
i 2 . 13 and i 4 Note that, of the electric currents, the eiecto.; 
current i 4 is the one that can damage the electron -emit - 
tmgdevice While not pointedout above the Gle:tnc cur- 
rent io can damage the vacuum envelope ana the in: 
glass in the apparatus, although it can be made low o\ 
selecting a sufficiently large resistance for the estate-' 
layer as described above Thus the impedance Z. cor- 
responds to the impedance Z described oar it • nng *rv 
composite impedance of Z- through I- corresponds ' • 
the impedance Z" m the earner desenpton Wh; ^ d s-o< 
value of the ratio iZ Z') is ettective tor the purpose v 


invention a value of (ZoZ'K 1 /1 00 is re quired for f reason - 
:ies below 1OMH7 A value of (Z/Z')< 1 n 0 will make the 
effect of the invention more rebate Preferably the re- 
lationship of fZ'Z')<1/10 holds true tor frequencies t;o. 

IOW 1GH7 

While the anti-charge film is arranged on the inner 
wall of the vacuum envelope in the above description 
and such an arrangement is effective for reducing tne 
possibility of appearance of charge-ups and hence pro- 
1 vides a preferred mode of carrying out the invention the 
anti-charge film may not necessarily be arrangec m 
such a way While the antt-charge fHm should snow a 
certain degree of eiectroconductivity because r is use- 
less if it shows a large sheet resistance a large -Iconic 
current can flow between the image -forming momoer 
r-.nd the low resistance electric conductor to increase the 
power consumption of the apparatus under norma- con- 
ditions where there is no electric charge Therefore, it 
should have a sheet resistance as large as possible 
wtthtn a limit for keeping it effective Although the sheet 
resistance may van/ depending on the configuration of 
the image-forming apparatus, it is preferably found with- 
in a range between 10 s and 10 10 £2/C 

The low resistance electric conductor of an image- 
tor rising apparatus according tc the .nvention ^ st- 
randed to totally surround the electron source ir order 
to make it operate most reliably, although it may re ar- 
ranged in many different ways For example it may oe 
arranged only on the side(s) of the electron source :nat 
can easily give rise to electric discharges If the m omen- 
tum of some of the electrons emitted from the ele:trcn- 
emittmg devices of the electron source has a component 
directed in a specific direction along the surface of the 
rear plate, most of the electrons reflected and scattered 
by the image-forming member will collide with a portion 
ot the inner wall of the vacuum envelope located at tho 
end of the specific direction so that an electric discharge 
will most probably occur at that portion Therefore, the 
low resistance electric conductor will be highly effective 
if it is arranged only on the side of the electron source 
where that portion is located 

Of the ground connection line of an image-f srmmc 
apparatus according to the invention the portion that 
connects the inside and the outside of the vacuum en- 
velope (hereinafter referred to as "ground connection 
terminal') may take various forms covned that it shews 
a sufficiently low impedance For example a wko mav 
be arranged for the ground connection i.ne without sig- 
nificant difficulty on the rear plate between the -ow re- 
sistance electric conductor and an end of the iea- pl->re 
and then made to pass between tne rca r pnte 0-0 
support frame that a r e bonded tc each s'oe: by f - ; 5 
While the wire preferably has a ia-go -;h .^d ; i r go 
height from the viewpoint of reduced 'fo imp.x; r- 
too wire it can obstruct tho Hssompi^ge o* . i<-\ 
ve.ooe it it is too rvsy- WhiM tne wo m-.y r <.■-> - 
s-g'Ttly less ;nan no-it o' the ro.r p ■ -.<-> : ■- .- 

w.re is arranged a large caoa r.tano^ r . ■ -. ri ; 


EP 0 866 490 A2 


between the wire and the electron source dnve wres to 
adversely affect the operation of envmq the elecbon 
source it the electron source dr-ve wires are arrangec 
on the wire having such a large width with an msu-ation 
layer interposed therebetween to form a multilayer s 
structure Then measures has to be taken to eliminate 
such a large capacitance It mny be preferable to ar- 
range the ground connection terminal in an area where 
no electron source drive wire is located 

Although the use of a wide wire to reduce the im- w 
pedance of the ground connection terminal is also ef- 
fective for preventing part of the discharge current from 
leaking into and damaging the fr * glass this effect can 
be made more reliable when the qround connection ter- 
minal is reali/eo in the fo r m of a s .utTiciently larqe metal ?5 
rod running through a through h;.ie formed in the face 
plate or the rear plate and coated with an insulating ma- 
terial such as alumina or ceramic tna: does not allow 
any ionic current to flow therethrough 

It is preferable from the design point of view to make 20 
both the high voltage connection terminal for connecting 
the image-forming member to a hiqn voltage source and 
the above descnoed ground connect on terminal of an 
image-forming apparatus run through a through hole 
formed in the rear plate when applying the apparatus to 25 
a TV receiving set because the ;onnecticns with the 
high voltage source and the ground are then found on 
the rear side of the image-forming apparatus, although 
measures may have to be taken against electric dis- 
charges that can take place on the front surface of the 20 
insulation layer due to the high voltage applied between 
the insulator coat of the high voltage connection terminal 
and the rear plate A low resistance electric conductor 
will afso have to be arranged around the through hole 
of the high voltage connection terminal and electrically 35 
connected to the low resistance electric conductor ar- 
ranged around the electron source Alternatively, the 
two low resistance electric conductors may be made into 
integral parts of a single conductor 

Now, a preferred mode of carrying out the invention 10 
will be described by referring to the drawings 

Fig 1 is a schematic perspective view of an image- 
forming apparatus according to the invention illustrating 
the terminal drawing out unit The drawn-out terminal 
may be either for applying a high voltage or for connect- ■*$ 
mg to the ground line although the former will be de- 
scribed here 

A ring-shaped hollow member 101 is placed with frit 
glass between the through hole 102 borea through the 
rear plate 1 and the face plate 1 1 and baked to securely so 
hold it in place and produce a recess there 

The airtiqhtness of the vacuum envelope will be im- 
proved if the hollow rnomocr 10 1 -s bonded by m-M^s 
of frit glass to produce a two-iayo-ed structure of crys- 
talline frit qwss ind non-crystalline tn! glass 

The terminal (hiqh voltage terminal) 16 to bo use- : 
fo r applying ,1 hiqh voitaqo to the imaqe-'orm.nq me'v 
be- 12 is connected to the drawn-out wire 100 wh v -r- s 


arranged m the open.ng of the hollow memoe- u")1 and 
orawn out from the inside of the vacuum envelope to the 
atmosphere as viewed from the rear plate 1 sice wren 
the 'ace plate 11 and the rear pl^te 1 are aliened 

T he high voltage terminal 16 is electrically connect- 
ed to the drawn-out wire 1 00 of the image-forming mem- 
ber 1 2 arranged on the face pla^e 1 1 m the atmosphere 
after the vacuum envelope is prepared The high voltage 
terminal 16 may be made of an electrically highly con- 
ductive material such as Ag or Cu Techniques that can 
be used for connecting the high voltage term nal 16 in- 
clude laser welding, the use of an electroconducnve ad- 
hesive agent and metal bonding although a nreforacie 
choice may be that the terminal is provided at the front 
end thereof with a spring structure so that it may be re- 
sihently held in contact with the drawn-out wire 1 00 The 
distance of the atmospheric gap between the high volt- 
age terminal 16 and the hollow member 101 should be 
selected as a function of the voltage of the terminal 
bacause electric discharges likely occur more often 
when the voltage is high 

With the above described arrangement the high 
voitage terminal 16 can be connected to and discon- 
nected from the drawn-out wire 100 after the vacuum 
envelope is completed 

The hollow member 101 may take various ferns 
such as ring-shaped rectangular and so on although 
the use of a ring-shaoed hollow member will be most 
suitable because it is not likely to give rise to a concen- 
trated electric field When a high voltage feed-in opening 
is formed, the hollow member 101 is preferable made 
of an insulating material that substantially prohibits the 
flow of an electrolyzmg current such as glass containing 
sodium to a reduced concentration or ceramic Ceramic 
provides a highly preferable materia) for the hollow 
memoer 101 because an electric current car, hardly flow 
due to ionization in the inside of the material if subjected 
to an electric field and degradation of the frit glass used 
for sealing the hollow member 101 can be effectively 
suppressed 

The through hole 1 02 is filled with an insulating resin 
material such as silicone resin and a rubber cap 32 typ- 
ically made of silicone resin is arranged thereon to cope 
with external electric discharges more satisfactorily Ad- 
ditionally, the terminal is connected to an external fly- 
back transformer by way of a cable 31 that can withstand 
high voltage With this arrangement, no -reecmq dis- 
charges will occur when an electric conductor is located 
close to the connection terminal 

Fig 2 is a schematic plan view o! an embodiment 
of image-forming apparatus aceordma to the invention 
showing the internal arrangement by rem.-vnqthe U:o 
p'ate The embodiment of Fig 2 has a sfc..;o:.r- «:r ; 
cop.nq with internal vacuum d'scnarge ^efe"" % ' " *" " 
2 ' Terence numera ■ denotes a rea f p;ato ' v : 
' ^cerate as the substrate of the eie:bon v,rc.- r 
m ide o! a material se'ected Ur-'^ soo j . 1 'm ■; ; ; , -. • ; 

V-iss coated on 're sj-'re v* 'r a" - 
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glass containing Na to a reduced concentration quartz 
glass and ceramic according to the conditions under 
which it is used Note that a separate substrate may be 
used for the electron source and bonded to the rear plate 
after preparing the electron source Reference numeral 5 
2 denotes an electron source region where a plurality of 
electron-emitting devices such as field emission devices 
or surface conduction electron-emitting devices are ar- 
ranged and wired appropriately so that they may be driv- 
en appropriately according to the application of the ap- io 
paratus Reference symbols 3-1 3-2 and 3-3 denote 
wires to be used for driving the electron source, which 
are partly drawn to the outside of the vacuum envelope 
and connected to an electron source drive circuit (not 
shown) Reference numeral 4 denotes a support frame '5 
held between the rear plate 1 and the face plate (not 
shown) and bonded to the rear plate 1 by means of frit 
giass The electron source drive wires 3-1 , 3-2 and 303 
are buried into frit glass at the junction of the support 
frame 4 and the rear plate 1 and are then drawn to the 20 
outside of the vacuum envelope Reference numeral 5 
denotes a low resistance electric conductor that is ar- 
ranged around the electron source rgion 2 An insulation 
layer (not shown) is arranged between the iow resist- 
ance electric conductor 5 and the electron source drive 2s 
wires 3-1 , 3-2 and 3-3 Reference numeral 102 denotes 
a through hole that allows the high voltage terminal for 
applying a high voltage to the image-forming member 
on the face plate to be connected to the member in the 
atmosphere after assembling the vacuum envelope 30 
Reference numeral 102a denotes the insulating materi- 
al filled into the through hole 102 after connecting the 
high voltage terminal to the image-forming member and 
reference numeral 101 denotes the hollow member that 
forms the through hole and held in position between the 35 
rear plate 1 and the face plate {not shown) by means of 
frit glass. A getter 6 and a getter shield plate 9 may be 
arranged within the vacuum envelope as shown in the 
drawing, along with other components if necessary 

Figs 3A, 3B and 3C show schematic partial cross -to 
sectional views of the embodiment of Fig. 2 taken along 
lines 3A - 3A. 3B - 3B and 3C - 3C in Fig 2 respectively 
In Fig 3A, there are shown the face plate 11 the image- 
forming member 12 which is formed from a fluorescent 
film and a metal Mm (e g , of aluminum) and also re- ^5 
ferred to as metal back and an anti-charge film 14 
formed on the inner wall of the vacuum envelope 

If desired, the anti-charge film 14 is formed not only 
on the glass layer of the <nner wall of the vacuum enve- 
lope but also on the image-lorminq member 12 and the so 
electron source 2 An anti -charge film if arranged on the 
electron source 2 can also prevent cnarge-ups from tak- 
ing place there anci t t a-anqoa en the image-icmma 
memoer reduce the reflection of elections I've::; 

As pointed out above any ieaK currents ;na: can :o 
appear among any o' the electron -emitting devices anc? 
the wires o! the electron source (.ices not ccve use to, any 
problem so ion- as !ho snee! 'es. stance o' 


charge film is found between 1 0 C and I0 10 ii"": 

The anti-charge film may be made of any material 
so long as it provides a desired sheet resistance ana a 
sufficient degree of stabuity Fo e<ampie a film ob- 
tained by dispersing fine graphite particles to an appro- 
priate density may be used Since such a film can be 
made sufficiently thin a thm film cf fine graphite particles 
arranged on the metal back of the image-forming mem- 
ber does not show any harmful effect such as reducm 3 
the number of electrons striking the fluorescent bodies 
of the image-forming member to make them emit light 
Additionally, since such a film is less apt to give rise to 
elastic scattering of electrons when compared with the 
material of the metal back which is typically aluminum 
it can be effective to reduce the number of scatterma 
electrons possibly causing charge-ups 

When an electric discharge occurs along the inner 
wall of the vacuum envelope wi'h the above arrange- 
ment the generated discharge current flows into the low 
resistance electric conauctor 5 oy way of the image - 
forming member 12 being applied with a high voltage 
and the inner wall of :he vacuum envelope and tnen 
most of the current flows down to the ground through 
the low impedance grojnd connection line so that the 
possible flow of electricity into the electron source ? 
through the wires 3-1 or further to the ground through 
the glass and other members of the vacuum envelope- 
can be effectively avoided Note that the ground con- 
nection line as used herein refers to the electric current 
flow path between the low resistance electric conductor 
5 and ground 

In Fig 3B. the ground connection terminal 505 is 
connected to the low resistance electric conductor 5 
which is conected to the anti-charge film 1 4 and drawn 
out into the atmosphere The ground connection termi- 
nal 505 may be connected to the I ^w resistance electric 
conductor 5 by appropriate means such as laser weld- 
ing, an electroconductive adhesive agent or metal bond- 
ing, although the use of solder of the type popularly used 
for bonding electric wires may be a reliable choice The 
ground connection terminal 505 is a rod made of a highly 
conductrve metal such as Ag or C u and having a suffi- 
ciently large cross section (e g an Ag rod having a di- 
ameter of 2mm or an electric resistivity as small as about 
5mQ per centimeter or a Cu or Al rod having an electric 
resistance of about the same leveO and coated wch an 
Au coat layer arranged to reduce the contact resistance 
of the surface Preferably the abutting section of the low 
resistance electric conductor 5 is also coated with Au o- 
made of Au to reduce the contac- resistance between 
the ground terminal 505 and the low resistance o^cho 
conductor 5 

Then the >vm- 0 eiecfo 'es-stanee -ce^' 
.ow oath from the low -esista.nee ev-etnc - - : 

clown to the G'Ounn can he reduce i to a e o- ■ ,\ : - 
less than 1 u bv connecting the eoonector o' ;■ ■ - 
connection terminal 50 J: \g the cro'; f \'j 

■ jn the o'her hano the coeho.e^' ■ i vo : * ■ o* 
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of the ground connection line can be reduced to less 
than 1 0" 6 H by reducing trie distance between the ground 
connection terminal 505 ana the ground Thus, the im- 
pedance can also be reduced to less than about 10U 
for the frequency component of 10MHz Then, the im- $ 
pedance for the frequency component of 1GHz will be 
1 kW at most 

Assume here that there is no ground connection 
line Then, the electric current between the low resist- 
ance electric conductor 5 and the ground mainly flows w 
through the surface of the rear plate (or the anti-charge 
film if it is arranged) and goes into the electron source 
before it further flows down to the ground by way of the 
electron source drive wires Referring to Fig 14A, this 
flow path corresponds to those of the electric currents '5 
i 3 and \ 4 and the dominant factor of the impedance of 
this flow path will be the resistance of the electric current 
flow path through the surface of the rear plate or the 
anti-charge film If the electron source has a peripheral 
length of 100cm and is separated from the low resist- 20 
ance electric conductor by 1cm and the anti-charge film 
has a sheet resistance of 10 e Q/n the elect nc current 
will meet a resistance of about 1 MU assuming that it 
flows evenly through the anti-charge film This value is 
sufficiently large if compared with the impedance of the 25 
ground connection line 

The electric resistance of this part will be even 
greater if there is no anti-charge him 

If, on the other hand, the distance separating (he 
electron source and the tow resistance electric conduc- 30 
tor is reduced to about 1 mm, then, the resistance of this 
part will be 1/10 of the above cited vaiue If the value is 
further reduced to a fraction of 1/10 of the above cited 
value, the electric resistance between the low resist- 
ance electric conductor and the electron source will be 35 
somewhere around 1 0kii This value, howver, will be an 
extreme case and the actual value will be greater than 
this The resistance of this part will dominate the imped- 
ance of the flow path of the electric current between the 
low resistance electric conductor and the ground when *o 
the ground connection line does not exist Thus, the im- 
pedance T of the electric current flow path is substan- 
tially equal to the resistance (which will be indicated by 
R' hereinafter) of the entire flow path, of which the re~ 
sistance between the low resistance electric conductor *s 
and the electron source takes a major part 

If a discharge current flows into the low resistance 
electric conductor the ratio of the electric current that 
flows further from the low resistance electric conductor 
to the ground by way of the low impedance line to the so 
electric current that flow-:, trom the low resistance elec- 
tric conductor into the electron source by way of the anti- 
eharqe film and then down to the ground by way of the 
electron-emitting aevice;; and me wires o! the electron 
source is equal to the ra'.o o: the f ociD r ocal number o* 
me impedance Z and thai qi the impedance Z\ . R') 
R' 15 ten times greater than / men me discharge current 
due to an electric discnarqo that flows down to the 
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ground through the electron source will be a fraction of 
its counterpart when there is no low impedance line 

Cf the impedance of tne low impedance !me the 
self-induction component will be about iOU for the fre- 
quency of 10MHz and m> for the frequency of 1 G H z 
Therefore if the resistance component (which will be in- 
dicated by R hereinafter) is less than iki> the imped- 
ance Z will be 1 kil or less for a frequency range below 
1 GHz or less than 1/ 1 0 of Z'(=R') If R is less than lOOU 
then the impedance Z will be 1 00U or less for a frequen- 
cy range lower below 100MHz 

It :s not possible to define in simple terms the degree 
of reduction in the electric current flowing into the elec- 
tron source that can save the electron-emitting devices 
the vacuum envelope and the drive circuit from damag- 
es when an electric discharge occurs because the de- 
gree can vary significantly depending on the various pa- 
rameters of individual image-forming apparatus How- 
ever it may be safe toassume that the aischarge current 
that flows into the electron source will show a certain 
dispersion pattern in statistic terms and. as a rule of 
thumb, the probability cf damaging the electron source 
can be Significantly reduced by reducing the discharge 
current flowing into the electron source by one or two 
digits 

While R* is assumed to show a minimal value of 
1 0kU in the above description, a similar effect or an even 
greater effect can be e>pected when R' is greater than 
the above value and R <s less than 1/10 or 1/100 of R' 

The line for the connection down to the ground may 
alternatively be drawn out from the back side of the rear 
plate in place of the above described techniques 

In Fig 3C, reference numeral 16 denotes the high 
voltage terminal for feeding the image-forming member 
12 with a high voltage (anode voltage Va) A hollow 
member 101 is placed with frit glass between the 
through hole 102 of the rear plate 1 and the face plate 
11 carrying thereon the image-forming member 12 and 
baked to securely hold it in place A drawn-out wire 1 00 
is connected to the image-forming member 12 and 
drawn out from the inside of the vacuum envelope to the 
atmosphere The high voltage terminal 16 is electrically 
connected to the drawn-out wire 100 wmch is connected 
to the image-forming member 12 arranged on the face 
plate 11 in the atmosphere after the vacuum envelope 
is prepared The high voltage terminal may be made of 
an electrically highly conductive material such as Ag or 
Cu Techniques that can be used for connecting the nigh 
voltage terminal 16 include laser welding the use of an. 
electroconductive adhesive agent and metai n mig 

The distance of the atmosphen: can between the 
high voltage terminal 16 and the ho'mw member 10' 
shou:d be selected as a function of me voltage 0' me 
:erm,nai because eiectr c ruscharaes »e v "v;-,,: muro 
omm wnen me vctaae rvqn ,i a s,./' mom , i r om s- 

m-mo cannot bo seared tor me aap -. - . m-m 

'<"•' *. ' ^r prevention of dielectric D'ea*\d v.o m .-r- ce- 
ramic or tetion may be a r ranQod arcum: "m m-.- — \ : 6 
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If such an insulator is usea, electric discharges can 
occur along the lateral surface of the insulator' There- 
fore, it is preferable to arrange tne low resistance electric 
conductor 5 around tne through hole 1C2 as shown in 
Fig 2 to prevent any discharge current from flowing into 
the electron source and the vacuum envelope 

Alternatively the hign voltage wiring may be drawn 
out to the side o' tne race plate 

Tne ant. -charge film 1 4 is preferably formed not only 
on the inner waf! surfaces of the face place the support 
frame and tne rear plate out also on the getter shield 
plate 

Electron-emitting devices of any typo may be used 
for the electron source 2 cl this mode of carrying out the 
invention so long as they ar e adapted to an image-form- 
ing apparatus in terms cf e.ectron-emittmg performance 
and the size of tne devices Electron-emitting devices 
tnat can be used for the purpose of the invention include 
thermionic electron-emitt.ng devices and cold cathode 
devices such as tield emission devices semiconductor 
electron-emitting devices V1IM type electron-emitting 
devices and surface conduction electron-emitting devic- 
es 

Surfare conduction electron-emitting devices of the 
type as disclosed m Japanese Patent Application Laid- 
Open No 7-235255 filed by the applicant of the present 
patent application are advantageously used in the fol- 
lowing embodiments Figs HA and 11B schematically 
illustrates a surface conduction electron-emitting device 
disclosed in the above patent document Fig 11A is a 
plan view and Fig 11 B is a cross sectional view. 

Referring to Figs 1 1 A and 1 1 B, the device compris- 
es a substrate 41 , a pan oJ device electrodes 42 and 43, 
an electroconductive film 44 connected to the device 
electrodes An eiectron-emitting region 45 is formed in 
part of the electroconductive film More specifically, the 
electron-emitting region 45 is an electrically highly re- 
sistive area produced in the electroconductive film 44 
by locally destroying, deforming or transforming the 
electroconductive film 44 to show a fissure there in a 
process referred to energization forming Then, elec- 
trons will be emitted from the ftssure and us vicinity 

An energization forming process is a process where 
a voltage is applied between the patr of device elec- 
trodes 42 and 43 The voltage to be used for energiza- 
tion forming preferably has a pulse waveform A pulse 
voltage naving a constant neight or a constant peak volt- 
age may be applied continuously as shown in Fig 6A 
or alternately, a pulse voltage having an increasing 
height or an increasing peak voltage may be applied as 
shown in Fig «5B 

After the energi/aticn forming operation the device 
is subieeted to an "activation cccess" In an activation 
process a puise .oitage -ay be reoeatecy applied to 
tne dev.ce , i - -ii:-osone:e containing o-gan.c sub- 
stances to deposit a sut stance containing carbon or a 
carbon comp uU ng as p-n^pie ingredient on and;o: 
around tne eiectron-emin.nq rog.on As a result ot the 


activation process com tne electric cu rent thai flows 
between the device electrodes -device current !t) and 
the eiectric current gone:. ted by electrons emitted from 
tne electron -em,tt,ng reg-on -emission current Ic, uses 
Tne elect'on-em.nng device tnat has been treated 
in an energ,zat.on forming process and an activation 
process is tr.on preferably subjected to a stabilvation 
process This ,s a process for remc v.nq any organic sub- 
stances remaining near the eiecPon-emittmg region in 
W a vacuum Camber The exnausrmg equipment to be 
used for this process preferab-y does not .nvolve the use 
of oil so that .t may not produce any evaporated oil that 
can adversely affec: tne performance of :he treated de- 
v.ce Thus, the use ol a sorption pump or an ,on pump 
may be a preferable c^j.cq uy me exhausted -aug- 
ment 

Tne partial pressure of the crgamc cas in the vac- 
uum chamber is sucr that no add.t-onai carbon or a car- 
bon compound woui^ ro: oe deposited on the device 
20 and preferably lower vhar 1 3x 10-Pa and more prefer- 
ably lower than 1 3> 10 ^a ^he vacuum ehamoer ,s 
preferably evacuated a:ter heating the entire chamber 
so that organ..: mole: ulos adsc-rped by the inner wall of 
the cnamberor tne eiect-on-em.-t.ng device in tne. :ham- 
25 ber may also oe eas.iy eumma^o While the vacuum 
chamber is preferab.y heated to B0 3 C to 250°C partic- 
ularly higher than 1 50'C for a period as bng as possi- 
ble, other heating conditions may alternatively t e so ect- 
ed depending on the size and tne profile of the vacuum 
30 chamber and the configuration of tne electron -emitting 
device in the chamber as well as other considerations 
The pressure in the vacuum chamber needs to be made 
as low as possible and is preferably lower than 
1 XlO- 5 Pa and more prelerably lower than 1 3>:iO^Pa 
3S Preferably the atmosphere after the completion of 

the stabilization process is maintained tor driving the 
electron-emitting device, although lower degree of vac- 
uum may alternatively be used without damaging the 
stability of operation of tne electron-emitting device or 
*o the electron source if the organic substances in the 
chamber are sufficiently removed 

By using such an atmosphere the formation of any 
additional deposit of carbon or a carbon compound can 
be effectively suppressed and moisture or oxygen ad- 
■*s sorbed by the vacuum chamber and the substrate can 
be eliminated to consequently staoilize the device cur- 
rent If and the emission current le 

Fig 12 shows a graph schema! caily illustrating tne 
relationship between the device voltage Vt ana the 
50 emission current ie and the device :u; rent I ■ of a sunaco 
conduction electron-emitting devoe prepared m a man- 
ner as described above Note tha' different units j-o ar- 
bitrarily selected for le and if m F g ' ;> t « v ..v. Mt-.^ra.*: 
that le has a m iqmtude by fa r s ma nor r „ . : . 

^ Also note that totfi the vertical an;: \ . : *o , ^ 

the graph represent a hnear scale 

MCfernng \ n Pig ,-in v. ,w " -.- 

sticks a sudden and snarp mco-iso r^n - — . ■•■ - 
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rent le when the device voltage Vf apD'iod thereto ex- 
ceeds a certain ievel (which is referred to as a threshold 
voltage neremalter and indicated by Vth m Fig 12) 
whereas the emission current le is practically undetec- 
table when the applied voltage is found lower than the ^ 
threshold value Vth Differently stated an electron-emit- 
ting device according to the invention is a non-linear de- 
vice having a clear threshold voltage Vth relative to the 
emission current le Thus an image-forming apparatus 
can be realized by two-dimensionally arranging a w 
number of electron-emitting devices with an image- 
forming member disposed vis-a-vis the devices and 
connecting the electron-emitting device with a matrix 
wiring system Then, images can be formed by driving 
selected ones of the electron-emitting devices to emit '5 
electrons by means of a simple matrix drive arrange- 
ment and irradiating the image-forming member with 
electrons 

Now. the image-forming member comprising a flu- 
orescent film wil; be described Figs 1 3A and 13B sche- 20 
mattcally illustrate two possible arrangements of fluo- 
rescent film While the fluorescent film 51 comprises on- 
ly a single fluorescer if the display panel is used for dis- 
playing black and white pictures, it neeas to comprise 
for displaying cclor pictures black conductive memoers 25 
52 and fluoresces 53. of which the former are referred 
to as black stripes or a black matrix depending on the 
arrangement of the fluorescers Black stripes or a black 
matrix are arranged for a color display panel so that 
color mixing of the fluorescers 53 of three different pn- 30 
mary colors are made less discriminate and the ad- 
verse effect of reducing the contrast of displayed images 
of reflected external light is weakened by blackening the 
surrounding areas While graphite is normally used as 
a principal ingredient of the black stripes, other conduc- 35 
live material having low light transmissivity and reflec- 
tivity may alternatively be used 

A precipitation or printing technique is suitably used 
for applying a fluorescent material on the face plate 11 
regardless of black and white or color display An ordi- to 
nary metal back is arranged on the surface of the fluo- 
rescent film 51 The metal back is provided in order to 
enhance the luminance of the display panel by causing 
the rays of light emitted from the fluorescers and direct- 
ed to the inside of the envelope to turn back toward the 
face plate 1 1 , to use it as an electrode for applying an 
accelerating voltage to electron beams and to protect 
the fluorescent bodies against damages that may be 
caused when negative ions generated inside the enve- 
lope collide with them It is prepared by smoothing the 50 
surface of the fluorescent film (in an operation normally 
called "filming") and forming an Al film thereon by vac- 
uum evaporation alter forming the fluorescent film 

A transparent electrode may be formed on cuter 
suitace o ! the fluorescent '>!m 51 of the lace piato m or- ^ 
dor to raise the conductivity o: the fluorescent fnm 

Oare should ho taken o accurately align each o! 
coor fluorescent oodies and an electro^ -em'ttmc do- 
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V!C0 ! ' ^ • o -j 'S mv Dived before the aoove listed 

components ;,: \r r- orvoOoo are bonded together 

Tnus it is now possible to supply thin flat type elec- 
tron beam image-tormtnq apparatus reliably and stably 
due to the arrangement of a hollow member at the high 
voltage drawing out section o-' the low resistance electnc 
conductor craw^g out section of the apparatus 

Now tne presort invention will bedescriood further 
by way o' examples 

Example 1 

In this example an electron source was pen-area 
for an imaqe-torminq apparatus by arranging a plurality 
of surface ccnouc t'cn electron -emitting devices on the 
rear plate of the apparatus that was used as substrate 
and connecting them by me-ins of a matrix wiring ar- 
rangement The steos of manufacturing the apparatus 
w<ll be described cy referring 10 Figs 3A 3B 4Atrrougn 
4E and 5 

(Step-a) 

A'tei thoiougniy ceansmg a soda lime glass plate 
an SO : Mm was formec thereon to a thickness of 0 Sum 
by sputtering to produce a rear plate 1 Then a c xular 
through hole 102 (Ftg 5) having a diameter of 4 mm for 
introducing a high voltage terminal 16 (Fig 3d and an 
exhaust hole 501 (Fig 5) wee bored through the rear 
plate 1 by means of an ultrasonic borma machine 

Then a Ti film and an Ni film were sequentially 
formed to respective thicknesses of 5 nm and 1 X) nm 
on the rear plate by sputtering and then a pair of device 
electrodes for each electron-omitting device were pro- 
duced by photolithography The device electrodes were 
separated by 2 um from each other (Fig 4A) 

(Step-b) 

Subsequently Ag paste was applied to the rear 
plate to form a predetermined pattern by printing and 
then baked to produce V -directional wires 2 3 which 
were extended to the outside of the electron source 
forming region to De electron source drive wires 3-2 (Fig 
5) Each of the wires was :00 jim wide and about tOum 
thick (Fig 4B, 

(Slep-c) 

Tnen paste containing Pol" as the noirai ogro- 
dient mixed with glass bindc was applied 'hereon by 
printing to produce an about 20 um thick ;nsu a ; - iayo r 
24 for insulating tne V-or ect'onai w^es "■ :m >.-</ rection- 
a' wires which w -i ho noscrood ooow . 'no ns ..ato'' 
layer 24 a cut .1:0a wa-> p'./^oos \y< .sn.on 

the device elect, odes to 00 cc-n^oe'e 3 to '^<- " ~' r -' 
Spondmg X-directonai wire - -g 
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(Step-d) 

Thereafter, X-dtrectional wires 25 were formed on 
the insulation layer 24 (Fig 40) in a manner as de- 
scribed above for the Y-dtrectional wires 23 Each of the 
wires was 300 jam wide and about 10 pm thick Subse- 
quently, an electroconductive film 26 of fine PdO parti- 
cles was formed for each device 

More specifically, the electroconductive film 26 was 
produced as follows A Cr film was formed on the sub- 
strate 1 carrying thereon the wires 23 and 25 by sput- 
tering and then an opening having a contour corre- 
sponding to that of the electroconductive film 26 was 
formec through the Cr film for each device by photoli- 
thography 

Thereafter a solution of an organic Pd compound 
(ccp-4230 available from Okuno Pharmaceutical Co , 
Ltc) was applied to the Cr film and baked at 300°C for 
12 minutes m the atmosphere to produce a film of fine 
PdO particles Then the Cr film was removed by wet 
etcnmg and the fine PdO particle film was lifted off to 
produce the electroconductive film 26 having the prede- 
termined contour (Fig 4E) 

(Step-e) 

Once again, paste containing PbO as the principal 
ingredient mixed with glass binder was applied to the 
rear plate in the area other than those of the device elec- 
trodes 21 , 22 ; the X- and Y-directional wires 25, 23 and 
the electroconductive films 26 (electron source region 2 
in Fig 2), which corresponds to the inside of the support 
frame 4 m Fig 2 

(Step-f) 

In Step 1, a quartz glass frame 27 having a config- 
uration as shown in Fig 5 was arranged on the rear plate 
1 The quartz glass frame 27 was 0 5 mm thick and had 
a circular area of 8 mm diameter provided with a through 
hole 500 with a diameter of 8 mm at the center thereof 
for introducing the high voltage feed-in terminal there- 
through 

Then, a low resistance electric conductor 5 having 
a width slightly smaller than that of the quartz glass 
frame 27 was formed on the quartz glass frame 27 by 
printing The low resistance electric conductor was 
made of Au It was 2 mm wide and about 100 urn thick 
Subsequently the quartz glass plate was then placed 
on the rear plate with the through holes 102 and 500 
aligned wttn each other and the glass paste was heat 
treated to produce the insulation layer and. at the same 
time to secure the guartz glass frame 27 carrying ther- 
eon the low resistance electric conductor 5 to the proper 
position 

^hc quart/ g<ass trame 27 was used for the frame 
m or do- to provide a sufficient dielectric withstand p r os 
su f c between the >ow resistance electric conductor 5 


and the electron source drive wires 3-1 3-2 and 3-3 
Therefore if M is possible to provide a sufficient dielectric 
withstand pressure by means of glass paste, the insu- 
lation layer may be made of glass paste and a low re- 
sistance electnc conductor 5 may be provided d rectly 
thereon 

(Step-g) 

A support frame 4. an opening forming ring member 
101 for the high voltage terminal and four ring memoers 
502 for connecting the ground lines were bonded to the 
rear plate 1 by means of frit glass The frit glass was 
LS3081 (tradename) available from Japan Eiectric 
Glass and baked provisionally at 3S0 3 C and then prop- 
erly at 410°C Then, the opening forming ring member 
101 for the high voltage terminal and the ring members 
502 for connecting the ground line were centered at the 
respective terminal positions and securely held there 
More specifically, the ring member 101 was aligned with 
the through hole 102 of the rear plate 1 for connecting 
tne high voltage terminal and tne ring members 502 
were aligned with the through holes 503 of the face plate 
11 for connecting the ground lines 

At the same time a getter 6 was rigidly secured to 
its proper position by means of frit glass (not shown) 
The getter was Ring Type Getter N-301 (tradename) 
available from Toshiba Corporation Then, an anti-dis- 
charge film 14 w 'ormed to show a sneet resistance 
of about IO^ICj tj spray-coating a disperse solution of 
fine carbon particles onto the areas that make the inner 
surface of the vacuum envelope and then drying the so- 
lution 


Then a face plate was prepared by using a sub- 
strate of soda lime glass having an S0 2 layer as in the 
case of the rear plate An opening 503 for a ground con- 
nection terminal lead-in port was formed by ultrasonic 
cutting Thereafter high voltage lead-in terminal abut- 
ting drawn-out wire 504 and wires for connecting it to 
the metal back were formed with Au by printing and then 
black stripes and stripe-shaped fluorescent bodies were 
formed for the fluorescent film ana subjected to a filming 
operation Then an Al film was formed thereon to a 
thickness of about 20pm by vacuum evaporation to pro- 
duce a metal back 

Subsequently an anti-charge film i 4 was formed by 
spray -coating a disperse solution of *me carbon parti- 
cles onto the areas to be the nner surface of the vacuum 
envelope and then drying tne solution Cf the produced 
dim the areas 'ormed on the mota; oa:k nas the r ' t4 cct 
of suppressing reflection of mciae^t o'oeve 0 bca^s -<r.a 
^e^ce i revc'-.r.ncj cnarae-ups from !a*,^g p'aco .: ,^ to 
'Cycled e lectin s :nat c-^iide v,-'- n^v v ,a 
v -icc.m oevo one 
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( Step-i ) 

The support frame 4 bonded to the rear plate was 
then bonded to the face plate by means of fnt glass T ne 
frit glass was LS3061 (tradename) available f^om Jap-n 
Electric Glass and baked provisionally at 3S0°C a^d 
then property at 410°C 

Note that the electron-emitting devices of the elec- 
tron source and the fluorescent film of the face ptate 
were carefully aligned for positional correspondence >o 

(Step-j) 

The prepared image-forming apparatus was then 
connected to a vacuuming/exhausting equipment ov ?5 
way of an exhaust pipe to evacuate the inside of the en- 
velope to a pressure level of less than 1 0/ 4 Pa when an 
energization forming process was started 

The energization forming process was conducted 
by applying a pulse voltage with a peak value gradually 20 
increasing with time as schematically illustrated in Fiq 
6R fo the electron-emitting devices row by row along the 
X -direction The pulse width and The pulse interval were 
T1_1 msec and T2-10 msec respectively During the 
energization terming process an extra rectangu;a r 25 
pulse voltage of 0 1 V (not shown) was inserted into in- 
tervals of the forming pulse voltage in order todetermme 
the resistance of the electron emitting region and the 
energization forming operation was terminated for a row 
when the resistance of each device exceeded 1M In 30 
this way, an energization forming operation was per- 
formed for all the rows to complete the process 

(Step-k) 

35 

Subsequently, the electron source was subjected to 
an activation process Prior to this process, the inside 
of the vacuum envelope was further evacuated to a 
pressure level of less than ICr 5 Pa by means of an icn 
pump keeping the image-forming apparatus to 200° C -to 
Subsequently, acetone was introduced into the vacuum 
envelope until the internal pressure rose to 1 3x1 0 2 Pa 
Then, a rectangular pulse voltage with a height of 16 V 
and a width of 100 u.sec was applied to the X-directiona' 
wires sequentially and cyclically one by one at pulse m- -J5 
tervals of 125 usee Thus, a pulse voltage was applied 
to each of the X-directional wires with a pitch of 1 0 msec 
As a result of this process a film containing carbon as 
principal ingredient was deposited on and around the 
electron -emitting region of each electron -emitting do- >J 
vice to raise the device current If 

■ Stop - ' 1 

' ,% oreaMer a stabilization process was ca ;f; eo - 
1 h, o v.]* } 0* the vacuum envelope a. r> ova : , iteo o- " 
acM'n hv means of an ion pump tor t 0 hours "\i rtar* : 
trie im.ige-forminq apparatus to 20Co. Th,s stop ai- 
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for removing molecules of organic substance- 
•'•g m the vacuum envelope to prevent aoy hotro^ 
growth of the deposited film containing carbo- .is a pun- 
c;pa! ingredient to stabilize the performance v 0 -oh 
electron-emitt'nq device 

(Step-m) 

After cooltng the image-forming apparatus to room 
temperature the ground connection terminal was con- 
nected to the ground and a pulse voltage was applied 
to the X-directiona! wires as in Slep-k and add tionally 
a voltage of 5 kV was applied to the image-formmq 
member by way of the high voltage lead-in terminal to 
make the fluorescent film emit light The application of 
the respective voltages to the X-directional wires and to 
the image-forming member was terminated after visual- 
ly confirming that the fluorescent film was emitting ::ght 
umform : y without any areas that were not emitting !icht 
cr appeared very dark Them the exhaust pipe was her- 
metically sealed by heating and melting it Thereafter 
the image-forming apparatus was subjected to a getter 
process using high frequency heating to complete the 
entire steps of preparing the vacuum envebpe 

(Step-n) 

In this step the high voltage terminal 1 6 the abound 
line connection terminal 505 and the wire for driving the 
electron source were fitted to the completely prepared 
vacuum envelope Indium solder was used to connect 
the high voltage terminal 16 to the drawn-cut wire 504 
connected to the image-forming member 12 by way :>f 
the through hole 102 of the rear plate 1 Thus the high 
vDltage terminal 16 was electrically connected to the im- 
age-forming member 1 2 and. at the same Pme the vac- 
uum envelope was mechanically secured 

The solder used for connecting the high voltage ter- 
minal was also used to connect the ground hne connec- 
tion terminal 505 to the low resistance electric conductor 
5 formed on the quartz glass frame 27 by way of the 
through hole 503 of the face plate 1 1 

Subsequently, the electron source driving wires 3 1 
3 -2 and 3-3 were connected to the electron source driv- 
ing ic by way of a flexible cable (not shown) 

Thus the fluoresces of the image-formmq '^cmpc 
* 2 arranged on the face plate 1 1 could be dnven :c emit 
! iahi and display desired TV images 

When a hi ah voltage of 6 kV was applied to '"e tin- 
ished imaqe-torming apparatus to make the f'uo'oscc s 
emit light and display images the apparatus opooatod 
stably tor a prolonged period of time without o . * • : 
u'H< e'ement v )v e'oetr 0 discharges 

An '-naqe-t v?"!n - apparatus prop, -'^c ■ ■■ . 



( 

25 


EP 0 866 490 A2 


thattne connecting section d;onot prcMuae If err me 
vacuum envelope Thus, this arrangement is n.r* c 
ularly suited for a thin image-tormina dDPdr aL, 

(2) Since the related terminals can do connected 
after preparing the vacuum envelope any popular i 
connecting technique can be used 

(3) Therefore the image-forming apparatus can ho 
prepared on a stable and reiiaole bas:s at high y:eia 

Example 2 ; , 

In this example, the wires drawn out from the inside 
of the vacuum envelope and the connection terminal ex- 
ternal to the vacuum envelope were resinentiy held m 
contact within the hollow member Referring to Figs 7 A ?5 
and/B reference numeral 30 1 aenotes an anchor dock 
for securely holding the terminal 16 and a bifurcated 
spring 302 and reference numeral 303 denotes a con 
nector spring for electrically connecting the wire : 00 ana 
tne terminal 16 The anchor block 301~ was msertec into ^ 
the through hole 102 to be in a state illustrated in Fig 
73 from the state as shown in Fig 7 A The anchor oiock 
301 was prevented from coming off from the vacuum 
envelope by the spring 302 Unaer this condition the 
connector spring 303 and a drawn-out wre (a feed-m 25 
eiectrode) 109 connected to the image forming me.mcer 
12 are resiliency connected to each other 

Tnen, the gap between the through noie 102 and 
the anchor block 301 was filled with an insulating mate- 
rial of silicone resin in order to prevent moisture from 30 
adhering to the contact point of the drawn^ut wire and 
the connection terminal and the surface of the hollow 
member 101 and other surfaces that were exposed to 
the atmosphere to give rise to electric discharges How- 
ever, the use of such an insulating materia! may not be JS 
necessary when the vacuum envelope is fed with a rel- 
atively low voltage 

With the above arrangement, the connection termi- 
nal connected to the wire can be disconnected to in- 
crease the applicability of the apparatus For instance 40 
they may be temporarily connected with each other to 
evaluate the quality of displayed images in the course 
of manufacturing 

Example 3 45 

While in Example 1 the ground line connection ter- 
minal 505 ana the high voltage terminal 16 were intro- 
duced into the vacuum envelope from the lace plate 1 1 
and from the rear plate 1 respectively, thev may alter- so 
natively be arranged the other way, i.e . the ground line 
connection terminal 505 from the rear plate * and the 
high voltage terminal 16 from the lace date r to 
icnicve effect substantially the same as Exam--? ' 
' ~ A somatically riustrate 'Ms -rra--^ 


txamnle 4 

This example will be described Dy referring !o v- 
- in. Rq 9 reference symcol d denotes the a-starv 
separating the face plate 1 1 and the rear plate 1 Who 
tne distance ,s reduced to less than its counrercaM . 
txarnpie 1 the ring-shaped member also has a -r^u 
creeping Gistance which by turn may recuce tne wim 
stand voltage of the ring-shaped member To prevent' ,; 
the ring-shaped member was cut partly on the outer am 
inner peripheral surfaces to produce undulation shao< 
901 spanning the oppositely disposed surfaces ' 
rc-ar plate 1 and the face plate 11 As a result thn ,- 0( , 
ratus operated stably as in Example 1 without q:v^ J ns! : 
to any electric discharges when subjected to a WW:- 
age used in Example 1 

Example 5 

Both the high voltage terminal 16 and the arounc 
line connection terminal 505 may be drawn ouMo thn 
side o< the rear plate 1. using the arrangement of F;a 
3C i E . ample 1 ; for the high voltage terminal 1 6 and trv: 
of Fig BA (Example 3) for the ground line connects 
terminal 505 Fig 1 0 schematically illustrates the imac- 
to.-mmcj apparatus of this example obtained by arrang- 
ing them in the above described manner Note tha: tne 
apparatus of this example differs from that of Examco 
1 except that the ground line connection terming 505 
was arranged at the side of the rear plate 1 

With this arrangement, both the ground line connec- 
tion terminal 505 through which a large electric cur -en- 
can flow ana the high voltage terminal 1 6 that snouio o- 
subjected to a high voltage are drawn out from the rca> 
side of the image-forming apparatus, suitable m :aktn a 
safe measures for preventing the user from touching : 
also provides an additional advantage that the trrougn 
holes 102. 501 and 503 are bored through the rear plate 
1 and no boring operation is required on the side o! the 
face plate 1 1 to reduce the manufacturing cost 

Example 6 

m this example, the high voltage termma= was he z 
to the cabinet of the image-forming apparatus Ref ernna 
toF:g i6A. showing the arrangement of an im^ge-form- 
mg apparatus 2000 in cross section through the hollow 
member 101 for drawing in the high voltage rrembe- 
which arrangement is the same as its counter^-; E x - 
amrie ' and hence will not be described any Vjnor - 
Eig .6A reference numeral 2001 denotes a cannot 
mace of engineering plastic and an aluminum -em — 
and coeratmaas s support structure for the m ne ' y- 
'■■a aooarafus 2000 Reference numeral .... 
^M'.-.- mspoctivoly denote tne high vocaqc to — n ; 
su;;;)'yino a hiqh voltage to the drawn -cut w n V ■ ■ 
an .nsuiatirig member lor olecincaHy msu'aMn.; " v 
vol'ajo terminal and the cabinet 2001 v.'iot < ■ 
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once numerals 2004 and 2005 respectively denote a ca- 
ble wire and a high voltage source Trie tmage-fonTum; 
apparatus 2000 and the cabinet 2001 m the separate 
state as shown in Fig 16A were put together as in Fig 
16B The depth of the cabinet 2001 and the length of 
the high voltage termma' 2003 were regulated in ad- 
vance such tnat they were electrically connected to trie 
drawn-out wire 100 when the cabinet 2001 and the im- 
age-forming apparatus 2000 were put together While 
these members may be electrically linked by regulating jo 
the projecting length of the high voltage terminal 2003 
the high voltage terminal 2003 and/or the cabinet 2001 
may be provided with resilience to estaoiish a reliable 
electric connection between them With this arrange- 
ment, a high voltage can be fed to the image-forming 
member 12 from the high voltage source 2005 by way 
of the cable wire 2004 and the high voltage termma 
2003 to drive the electron source by way of a drive circuit 
mot shown) and make the image-forming member 12 
emit light 20 

The use of a high voltage terminal he!d by a cabinet 
as in this example provides the following advantages 

( * ) Once the cabinet and the image-forming appa- 
ratus are put together the high voltage terminal -5 
does not show any projection in the subsequent as- 
sembling steps to ensure an easy handling to make 
the manufacturing process more flexible and im- 
prove the manufacturing yield of the line 
(2) Since the high voltage terminal is fitted in posi- 30 
tion prior to the process of manufacturing the im- 
age-forming apparatus, the overall manufacturing 
time can be reduced 

While the present invention is described in terms of 35 
the use of surface conduction electron-emitting devices 
for the electron source, the present invention is not lim- 
ited thereto by any means and the surface conduction 
electron-emitting devices may be replaced by field emis- 
sion type electron -emitting devices, semiconductor ^0 
electron-emittingdevices or electron -emitting devices of 
some other type 

Furthermore, while the rear plate of the image-form- 
ing apparatus serves as the substrate of the electron 
source in any of the above examples, they might alter- 
natively be prepared separately so that the substrate 
could be secured to the rear plate after preparing the 
electron source 

Additionally any of the members of the image-form- 
ing apparatus m the above examples can be mocifiea >o 
without departing from the technological scope o* the 
invention 

As described above an imaae-forming ap-paratus 
according to the present invention provides the 1 piio.v;nQ 
ijva- 1 : iOOS 

;.-vo tno '0 ! .-iloo to-mma'S enn bo connected i':-^ 
p'epa r, ng the vacuum envelope any popular :o:voj'- 
mg tecnmque can be used 
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Therefore the image-forming apparatus can be 
p' spared on a stable anc reliable basis n\ nion y;o:d 

The opening (recess) operating as terminal con- 
necting section is recessed toward the inside of the ap- 
paratus so that the connecting section does not protrude 
t'om the vacuum envelope Thus this arramement 1, 
particularly suited for a thin image-forming apparatus 

Thus according to the invention highly reliable fiat 
type image-forming apparatus can be suppliec on a sta- 
ble basis 

Additionally, when a resilient member is used to 
connect the external terminal and the external wire they 
can be removed after being placed in position to U\a: 
any popular connecting technique can be used tc them 
For instance they may be temporarily connected with, 
each other to evaluate the quality of displayed images 
m the course of manufacturing 

When the peripheral surfaces of the ring-shaped 
nollow member are provided with undulations it can be 
provided with a long creeping distance which by turn can 
increase the withstand voltage of the nnq-shapec mem- 
be' As a result, the apparatus operates stably without 
g.vmg rise to any electric discharges when subjected to 
a high voltage 

Finally, the apparatus can withstanc electric dis- 
charges when a low resistance electric conductor is ar- 
ranged to surround the electron source and connected 
to the ground 
devices 


Claims 

1. An image-forming apparatus comprising an enve- 
lope and an image-forming means disposed within 
the envelope, characterized in that said envelope 
has a recess on the outer wall thereof ana a feed- 
in electrode is arranged in the recess and electri- 
cally connected to the image-forming means 

2. An image-forming apparatus according to claim 1 
wherein said feed-in electrode is connected to a 
conductor terminal 

3. An image-forming apparatus according to claim 1 
further comprising a cabinet for holomg said enve- 
lope and said feed-in electrode is connected to a. 
conductor terminal arranged on the cabinet s do 

4. An image-forming apparatus according to c:aim 2? 
wherein said conductor terminal <s connect..: v 
means fcr driving said image -forming me-ans ^ ■: 
driving means bemq arranged on mo rabbet a^ 

5 An image-formm- appa a!us accord-" ; 'o s = ■* . 
hiMher comprismg a cabinet fc ho'd.n ; . .: 
:ope and said conductor tormina* 'S '^-^Pd-v: ' 
means for driving said imaao-fomvnu <^e ■ i .: 
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driving moans being arranged on me cabinet side 

6. An im age-forming apparatus according to cla.m 1 , 
wnerem said image-forming means include an elec- 
tron source and an image-forming member for form- 
ing an image when irradiated with electrons emitted 
from said electron source 

7. An image-forming apparatus according to claim 6, 
wherein said recess is formed by an opening ar- 
ranged in either the substrate carrying the electron 
source or the substrate disposed opposite to said 
substrate and carrying said image-forming mem- 
ber a lateral member of said opening and the cfher 
substrate 

8. An image-forming apparatus according to claim 6. 
wherein said recess is formed by an opening ar- 
ranged in the substrate carrying the electron 
source a lateral member of said opening and the 
other substrate disposed opposite to said substrate 
and carrying said image-forming memoer 

9. An image-forming apparatus according to claim 6. 
wnerem said feed-m electrode is connected tc an 
electrode for applying a voltage to said image-form- 
ing member 

10. An image-forming apparatus according to claim 9, 
wherein said feed-m electrode is connected to a 
conductor terminal 


11. An image-forming apparatus according to claim 9. 
further comprising a cabinet for holding said enve- 
lope and said feed-in electrode is connected to a 
conductor terminal arranged on the cabinet side 

1 2. An image-forming apparatus according to claim 1 1 , 
wherein said conductor terminal is connected to a 
voltage source for applying a voltage to said image- 
forming member, said voltage source being ar- 
ranged on the cabinet side 

1 3. An image-forming apparatus according to claim 1 0 
further comprising a cabinet for holding said enve- 
lope and said conductor terminal is connected to the 
voltage source for applying a voltage to said image- 
forming member said voltage source being ar- 
ranged on the cabinet side 

14. An image-forming apparatus according to claim 6 
further comprising an electroconductivo member on 
the inner wall surface of said envelope between 
said electron source and said .m Kje ,.; com- 
ber and an eMctnc current fiovv pMtn A —neec' 
said electroconductivo member to tr>e re .<-. : v ,, !n . 
out passing tnrough any of said electron so./ro and 
the drive circuit of said electron source unerem the 


electric resistance of said electric cunnn* 'm- ~- lf „ 
A is lower than the electee resistance or any G'ort 
current flow path B connecting said eloctrocono'uc - 
tive member to the ground by way of at least c^of 
said electron source and said drive circui! 

15. An image-forming apparatus aczoroinq to claim 14 
wnerem said envelope has anotner recess on tno 
outer wall thereof and pan of said electroconductivo 
member is drawn to another one of the recesses 

16. An image -forming apparatus according to ci, Jim 15 
wherein said another recess =:> formea'by an open- 
ing arranged in either the substrate ca-r.,'^ re 
electron source or the substrate dispose : ccocsite 
to said substrate and carrying said mage -form-nq 
member, a lateral member of said opemna and the 
other substrate 

17. An image-forming apparatus according toe lam, 15. 
wherein said another recess i> formed by an open- 
ing arranged in the substrate carrying the eiec'rcn 
source, a lateral member of saic opening ana tno 
other substrate disposed opposite to said substrate 
and carrying said image-forming member 


18. An image-forming apparatus acceding toe a ~ 15 
wherein said electroconductive member orawn out 
into said recess is connected to a conducts ;omi- 
30 nal 


w 


15 


20 


19. 


ar- 


20 


An image-forming apparatus accoraing to c 
wherein said electroconducpve memoer 
ranged to entirely surround sa<d electron souice 

An image-forming apparatus acceding to dam 1 4 
wherein said envelope has an antt-charoo Men ar- 
ranged on the inner wall surface 'hereof 

<*o 21. An image-forming apparatus according to z\.v.tn 20 
wherein said anti-charge film is elect.icaiiy connect- 
ed to said electroconductive memoer 


22. An image-forming apparatus according to 
45 wherein sa>d envelope has an electroeo 

film having a sheet resistance between i 
lO l0 UOarr3nged on the inner v.all surface 

23. An image-forming apparatus acco^.^, : • : ■ 
^ J wherein said electroconductive Mm. 

connected to said electroconductive me--: 

24. An image-forming apparatus acc ^ i ; ' 
.'herein an msulatmc: mn."':>v ■. • 


25 An im.ige terming ,ipp, 
wnerem said feed in e! 


:t;ve 
and 
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terminal are connected to each other by way of an 
o:ectroconductive resilient body 

26. An image-fcrning aDparatus according to claim 6, 
wheem said image-forming member includes fluo- 5 
rescers ana electrode 

27. An image-'crmmg apparatus according to claim 6, 
wherein said image-forming member includes fluo- 
resces anc a metal back w 

28. An image-forming apparatus according to claim 6, 
wherein sar: electron source includes a plurality of 
electron-err ittir.g devices connected by wires 

15 

29. An image-forming apparatus according to claim 6 
wherein said electron source includes a plurality of 
e!ectron-em::mg devices connected by means of a 
matrix wnn^ arrangement using a plurality of row- 
directional wires and a plurality of column -direction* 20 
al wires 

30. An image-forming apparatus according to claim 28 
or 29 wherein said electron-emitting devices are 
cold cathode type electron-emitting devices 2s 

31 . An image-forming apparatus according to claim 30 
wherein said cold cathode type electron-emitting 
devices are surface conduction electron-emitting 
devices 30 
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